After starvation for deoxyribosides, the deoxyribonucleic acid (DNA) of Lactobacillus acidophilus is restricted to a localized region of the cell. 3H-uracil is first incorporated into such a restricted region but subsequently is found throughout the cell. This spread occurs despite the absence of protein synthesis and a major reduction in the rate of ribonucleic acid (RNA) synthesis. However, blocking RNA synthesis with actinomycin D restricts incorporation to a localized region of the cell. It is concluded that uracil is first incorporated into RNA in the bacterial nucleus from which it subsequently spreads through the cell. Actinomycin D could prevent this spread by preventing the completion of RNA molecules, which therefore do not dissociate from the DNA template.
The RNA of eukaryotic cells is synthesized in the nucleus or at the nuclear membrane and subsequently transferred to the cyt-oplasm (4) . A similar demonstration of the synthesis of nuclear ribonucleic acid (RNA) in bacteria is difficult, since the separation between nucleus and cytoplasm is difficult to achieve physically or to visualize. Early attempts to do so were based on physical fractionation of RNA from spheroplasts (5) or on autoradiography in the electron microscope (6) . The most significant of these studies was that of Caro and Forro (2) , who studied the distribution of pulse-labeled RNA in thin sections of E. coli. Immediately after the incorporation of a short pulse of 3H-uridine, the majority of radioactivity was located in those sections containing nuclear regions. However, after a "chase" of cold uridine, label also could be observed in sections without nuclear regions.
In the present paper, we describe a microbial system which appears to be well suited for studies of the relationship between nuclear and cytoplasmic RNA. The system utilizes the localization of deoxyribonucleic acid (DNA) within Lactobacillus acidophilus after deoxyriboside starvation. We demonstrate the synthesis of a nuclear RNA which is subsequently transferred to the cytoplasm. This transfer is inhibited by actinomycin D.
MATERIALS AND METHODS Bacterial strain and growth conditions. Strain R-26 of L. acidophilus and the composition of the synthetic growth medium and techniques used for its cultivation have been described in detail previously (14) .
It is important to note that, in addition to several other nutritional requirements, this organism requires uracil or uridine, thymine, and a source of deoxyribosides for growth (14) . These were supplied as uracil (10 Ag/ml), thymine (8 Jg/ml), and deoxyguanosine (8 jAg/ml). Other nutrients were supplied as described previously (14) .
When cells were transferred to medium of a different composition, either centrifugation or collection on membrane filters (9, 14) was used. In both cases, cells were washed four times before resuspension in the new medium.
Cell number was measured by using a model B Coulter Counter with a 30-,um orifice at a threshold of 10 and a current setting of 3.
Lysis of cells and measurement of radioactive fractions. Samples for analysis were pipetted onto frozen medium. These cells were centrifuged down, and the pellet was frozen. The pellets were thawed and treated with lysozyme (200 ,Ag/ml) for 30 min at 37 C. Duponol was added to a concentration of 1%, and incubation was continued for an additional 15 Autoradiography and electron microscopy. Autoradiographs of radioactive cells were prepared from impression smears (3, 8) . These were fixed with cold 5% trichloroacetic acid and then washed with water, dried, and dipped in Kodak NTB-2 emulsion (8 Thin sections of such cells ( Fig. 1 ) indicate a decrease in the contrast between cytoplasm and nuclear regions. This appears to be due to a loss of distinct electron transparent regions.
However, no loss of DNA occurs (13) and, when such cells have been prelabeled by continuous growth in 3H-thymine, the radioactivity is concentrated in one region of the cell, usually centrally located. This may be seen in autoradiographs of such cells (Fig. 2) . The radioactivity of these regions can be removed by treatment with deoxyribonuclease.
Cells prelabeled with 3H-thymine were starved for deoxyguanosine, and the size of such radioactive regions was measured relative to the size of the cell. Figure 3 presents the distribution of the size of such DNA-rich regions among cells from a deoxynucleoside-starved culture. When deoxyguanosine is restored to cells which have been starved in this manner, no enlargement of the nuclear region is observed over a 4-hr period.
Such deoxyguanosine-starved cells will incorporate radioactive uracil. When this is done and radioautographs are prepared from samples fixed with cold 5% trichloroacetic acid at 1-min intervals, the radioactivity first tends to be confined to a localized region but rapidly spreads throughout the cell (Fig. 4) .
This transfer also occurs when a short pulse of radioactivity is "chased" from the nucleus into the cytoplasm. In all cases, this radioactivity can be extracted from cells as high-molecular-weight material which can be digested with ribonuclease.
The ratio of the radioactive portion of the cell to the total cell length can be used as a measure Fig. 2B , cells from autoradiographs were analyzed to determine the fraction of the cell length over which silver grains (one or more) could be observed. The two regions between the two ends of the cell and the first silver grain from that end were a measure of the unlabeled portion of the cell, thus defining the size of a central radioactive region. It can be seen that radioactivity was confined to a localized region of the cell occupying less than halfof the cell length.
of the spread of radioactive RNA from the nucleus into the cytoplasm (Fig. 5) . The protocols for these experiments are given in the legends to Fig. 5 and 6 . It can be seen that spreading of RNA into the cytoplasm occurs during labeling or during a chase after labeling, and in the presence of chloramphenicol or in the absence of required amino acids.
Histograms of the distributions of grains over the cell lengths for some of the cultures are shown.
The rate at which radioactive uracil spreads through the cell is shown in Fig. 6 . Figure 7 presents the increase in grain count (and thus of RNA) observed for cells in the experiments in Fig. 5 and 6 .
It can be seen (Fig. 6A ) that DNA is confined to a region occupying less than 40% of the length of the cell. Initially RNA also is confined to such a limited region.
Incorporation of uracil follows the pattern expected from previous experiments (15) . Thus, RNA synthesis is inhibited by amino acid starvation, or by actinomycin (Fig. 7) . Potassium m-arsenite also reduces the rate of RNA synthesis.
It is apparent that RNA synthesized in the nuclear region spreads rapidly through the cell. This spread occurs in the absence of protein synthesis and at an almost equal rate when RNA synthesis is diminished by withdrawing amino acids. [L. acidophilus is a stringent organism in which RNA synthesis is reduced upon removal of amino acids (15) .]
It is possible to inhibit the metabolism of the cell with potassium m-arsenite (J. Soska, personal communication). Nevertheless, in the presence of potassium m-arsenite, radioactive RNA continued to spread through the cell at about the same rate as that observed during normal growth.
These results indicate that neither the gross rate of RNA synthesis nor of protein synthesis influences the spread of RNA through the cell.
However, actinomycin D prevented such transfer.
Figures SE, 6H, 6I, and 6J present the effect of actinomycin D on the transfer of labeled RNA from the nuclear region to the rest of the cell. Cells were continually labeled with 3H-uridine in the presence of actinomycin D, or pulse-labeled and chased in the presence of actinomycin D. In each case, label failed to spread through the cytoplasm. The histograms in Fig. 5E indicate that in a few cells label was transferred through the cell, but that in the majority of the population, it remained localized.
RNA was extracted by a combined freezethaw, enzymatic, and detergent treatment from normal and actinomycin-treated cells. Exponential-phase cultures, prelabeled with "4C-thymine, were allowed to incorporate 3H-uridine for 2 min. These samples were transferred to medium with or without actinomycin and grown for 10 4 . Autoradiographs of deoxyguanosine-starved cells labeled with 3H-uracil. Cells were starved 9 hr for deoxyguanosine. Deoxyguanosine was then restored, and the cells were starved 10 min for uracil. 3H-uracil (150 c per 2.25 ,ug per ml) was added, and samples were fixed with 5% trichloroacetic acid after (A) I min, (B) 2 min, or (D) 4 min. Another sample (C) was labeled with 3H-uracil for I min and then grown in nonradioactive uracil for 4min.
min. The samples were lysed, and the lysates were examined on sucrose gradients. It is clear that in the presence of actinomycin D, only a very low-molecular-weight RNA is observed, whose sedimentation rate must be less than 1OS (Fig. 8) 3H-uridine is also incorporated into this localized region, but thereafter rapidly spreads throughout the cell. This behavior is similar to the incorporation of uridine in eukaryotes and almost certainly represents the synthesis of "nuclear" RNA and its subsequent transfer to the cytoplasm. The rate at which label spreads through the cytoplasm is of the order of 1.5 to 2 ,m/min and is independent of gross RNA or protein synthesis. Moreover, inhibiting cell metabolism with potassium m-arsenite does not appear to affect the rate at which RNA spreads through the cell. It is possible, therefore, that once synthesized, the spread of RNA through the cell is a passive process depending on diffusion. Fig. S were analyzed and the arithmetic means were calculated. These were graphed against the time at which samples were taken. The samples in Fig. S are representative distributions of the complete data shown in Fig. 6. (A) DNA. 3H-thymine prelabeled cells, starved as in Fig. 3 , were sampled at intervals after the restoration of deoxyguanosine. hibiting the progress of RNA polymerase (10) . It has also been established that in vitro complexes composed of RNA, DNA, and RNA polymerase are not readily disassociated (1, 11, 12) . We would like to suggest that RNA only dissociates from its DNA template when it is completed, and that incomplete low-molecular weight molecules, blocked in their synthesis at the site of attachment of actinomycin D, remain attached to DNA.
We have been unsuccessful in attempts to isolate such complexes. At present Lactobacillus can only be lysed by use of ionic detergents which dissociate complexes of the type we envision (1) .
Future experiments involving other, more fragile organisms (such as Bacillus subtilis) should serve to establish or invalidate our hypothesis. 
